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(54) Improved part load performance of variable speed screw compressor 



(57) Lubrication supply to the rotors (12-2,12-1 ) of a 
variable speed screw compressor (12) is optimized for 
full load and a supplemental supply path (52-2) is pro- 



vided which is opened during low speed operation. 
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Description 

Background of the Invention 

[00O1] Screw compressors used in water cooled 
chillers are of the oil flooded type. Oil provides a seal 
between adjacent trapped volumes during the compres- 
sion process and an oil separator removes oil from the 
hot, compressed gas downstream of the compression 
process. At high speeds, the percentage of gas leakage 
between the rotor and housing and interlobes is small 
as compared to the inlet flow. This is partly due to the oil 
film formed between the rotor and housing. Additionally, 
to reduce drag loses, the amount of oil injected should 
be kept at a minimum. For screw compressors the load- 
ing or flow is directly proportional to speed. At low 
speeds the sealing at the tips and interlobes is poor 
which reduces the volumetric efficiency of the compres- 
sor. 

Summary of the Invention 

[0002] According to the invention in a first aspect 
there is disclosed a closed refrigeration system as 
defined in Claim 1. Further, optional features are 
defined in the dependent claims. 
[0003] According to a second aspect of the inven- 
tion there is provided the improvement defined in Claim 
4. 

[0004] Volumetric efficiency is increased at low 
speeds by increasing the oil flow at low loads to offset 
the poorer sealing at low speeds. Oil from the cooler or 
evaporator is injected at the rotor inlet for sealing. An oil- 
rich layer tends to form at the top of the cooler and an 
ejector is used to draw oil from the top surface of the 
cooler. The drive or motive fluid for the ejector is, prefer- 
ably, taken from the last closed lobe, although the dis- 
charge pressure may be used. The last closed lobe 
pressure is preferred because it is determined by com- 
pressor operation whereas discharge pressure is deter- 
mined by system conditions. The amount of oil injected 
is optimized for full load operation by proper selection of 
ejector size. Because, at low loads the oil supply should 
be increased for better volumetric efficiency, a supple- 
mental oil supply is provided. One approach is to pro- 
vide a parallel supply path from the ejector which is 
controlled by a solenoid valve responsive to motor 
speed. Another approach is to provide a second ejector 
and supply path to the rotors with a solenoid valve in the 
second path responsive to motor speed. 
[0005] It is an advantage of this invention to improve 
part load performance of variable speed screw com- 
pressors. 

[00O6] It is another advantage of this invention to 
increase volumetric efficiency at low speeds by increas- 
ing oil flow to the rotors at low speeds. These advan- 
tages, and others as will become apparent hereinafter, 
are accomplished by the present invention. 



[0007] Basically, lubrication supply to the rotors of a 
variable speed screw compressor is optimized for full 
load and a supplemental supply path is provided which 
is opened during low speed operation. 

5 

Brief Description of the Drawings 

[0008] For a fuller understanding of the present 
invention, reference should now be made to the follow- 
w lng detailed but non-limiting description thereof taken in 
conjunction with the accompanying drawings wherein: 

Figure 1 is a schematic diagram of a closed refrig- 
eration or air conditioning system employing the 
15 present invention; and 

Figure 2 is a schematic diagram of a closed refrig- 
eration or air conditioning system employing a mod- 
ified embodiment of the present invention. 



20 Descriptio n of the Preferred Embodiments 

[0009] In figure 1, the numeral 10 generally desig- 
nates a closed refrigeration or air conditioning system. 
As is conventional, there is a closed circuit serially 
25 including compressor 12, discharge line 14 connected 
to the discharge port, condenser 16, line 18 which con- 
tains expansion device 20, cooler or evaporator 22 and 
suction line 24 leading to the suction port. Compressor 
12 is a multi-rotor, hermetic, screw compressor. Com- 
30 pressor 1 2 is driven by electric motor 26 which is under 
the control of inverter 28 through microprocessor or 
controller 30. 

[0010] An oil-rich layer forms an upper iayer in 
cooler 22 and is used for lubricating and sealing the 
35 rotors 12-2 and 12-2. The lubricant is drawn from cooler 
22 and supplied via line 40 to ejector 50 which is sized 
to supply the maximum required amount of lubricant. 
Line 52 supplies refrigerant gas at last closed lobe pres- 
sure to ejector 50 causing the oil in a refrigerant oil mix- 
40 ture to be drawn from cooler 22 via line 40 and to be 
supplied to compressor 12 for lubricating and sealing 
the rotors 12-1 and 12-2. Line 52 branches downstream 
of ejector 50 into lines 52-1 and 52-2. Line 52-1 contains 
a restriction 60 sized to provide the proper lubricant flow 
45 to the rotors 12-1 and 12-2 during full load conditions. 
Line 52-2 contains a normally closed solenoid valve 62 
and is under the control of controller or microprocessor 
34 responsive to the speed of motor 26 via the output of 
inverter 28. Microprocessor 30 receives temperature 
50 inputs from thermal sensor 32 which senses the outlet 
chilled water temperature and responsive thereto con- 
trols inverter 28, and thereby compressor 12. When the 
motor speed has been reduced sufficiently, solenoid 
valve 62 is opened by controller 34 to permit more oil to 
55 be supplied to the rotors 12-1 and 12-2 for sealing and 
lubrication. Typically, the motor sped would be 50-60% 
of the full load speed when solenoid valve 62 is opened. 
[0011] Referring now to Rgure 2, system 10" differs 
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from system 10 in dividing line 40 and replacing ejector 
50 with two smaller ejectors, 50-1 and 50-2, in parallel. 
Specifically, line 40 divides into lines 40-1 and 40-2 
which are connected to ejectors 50-1 and 50-2, respec- 
tively. Line 52 divides into tines 52-1 and 52-2 which 
recombine into line 52 after supplying refrigerant gas at 
last closed lobe pressure to ejectors 50-1 and 50-2, 
respectively. Ejector 50-1 is sized such that the oil refrig- 
erant mixture drawn from cooler 22 via line 40-1 is the 
proper amount to provide sealing and lubrication of 
rotors 12-1 and 12-2 at full load. Line 52-2 contains nor- 
mally closed solenoid valve 62 in addition to ejector 50- 
2. When the speed of motor 26 has been sufficiently 
reduced by inverter 28 under control of controller 30, 
solenoid valve 62 is opened by controller 34 to permit 
more oil to be supplied to the rotors 12-1 and 12-2 for 
sealing and lubrication. Typically, the motor speed 
would be 50-60% of the full load speed when solenoid 
valve 62 is opened. 

[0012] Although preferred embodiments of the 
present invention have been illustrated and described, 
other changes will occur to those skilled in the art. 

Claims 

1 . A closed refrigeration system containing refrigerant 
and oil and serially including a variable speed 
screw compressor having a plurality of rotors, a 
suction port and a discharge port and driven by a 
motor, a discharge line extending from said dis- 
charge port to a condenser, an expansion device, a 
cooler and a suction line connected to said suction 
port, the improvement comprising: 



to said second ejector pump; 
said second ejector pump being operatively 
connected to said cooler; 
means connected to said second ejector pump 
5 for supplying a refrigerant-oil mixture drawn 

from said cooler to said rotors for lubrication 
and sealing when high pressure refrigerant is 
supplied to said second ejector pump. 

10 4. In a closed refrigeration system containing refriger- 
ant and oil and serially including a variable speed 
screw compressor having a plurality of rotors, a 
suction port and a discharge port and driven by a 
motor, a discharge line extending from said dis- 

75 charge port to a condenser, an expansion device, a 
cooler and a suction line connected to said suction 
port, the improvement comprising the method of 
improving part load performance comprising the 
steps of: 

20 

supplying lubricant to the rotors at a first rate 
for lubrication and sealing when said compres- 
sor is fully loaded; 

supplying lubricant to the rotors at a second 
25 rate, greater then said first rate, for lubrication 

and sealing when said compressor is less then 
60% loaded. 



30 



means for pumping; 35 
a lubrication distribution system connected to 
said means for pumping; 
means for supplying an oil rich mixture from 
said cooler to means for pumping; 
means for causing said means for pumping to 40 
supply said oil rich mixture at a first rate to said 
lubrication distribution system for sealing and 
lubricating said rotors when said compressor is 
operating at full load and at a second, greater 
rate when said compressor is operating at part 45 
load. 



2. The closed refrigeration system of claim 1 wherein 
said means for pumping is an ejector pump and 
said means for causing supplies high pressure so 
refrigerant to said ejector pump at last closed lobe 
pressure. 

3. The closed refrigeration system of claim 2 further 
including: 55 



a second ejector pump; 

means for supplying high pressure refrigerant 
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